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of LDAO. On the other hand, the inhibition by the ε subunit of BF1 was
not observed at all. Even the activation by the ε subunit was
observed with low concentrations (b50 μM) of ATP. This allowed us
to examine relationships between ADP-inhibition and ε subunit in
more detail.
We have thought that the activation by the ε subunit was due to
the suppression of ADP-inhibition by the ε subunit. Indeed, BF1(+ε)
required ×10 more ADP to be suppressed by the pre-incubation than
BF1(-ε).
We further prepared a mutant BF1(+ε) which contained cystein
residues in the N-terminus of the γ subunit and C-terminus of the ε
subunit to ﬁx the conformation of the ε subunit in the “extended-
state” as previously reported for TF1 [4]. The mutant showed ×10
higher ATPase activity with 2 mM ATP with ε subunit ﬁxed in the
extended-state. When LDAO was added, the mutant showed no
activation, indicating that mutant BF1(+ε) did not fall in the ADP-
inhibition with the extended-state ﬁxed ε subunit.
Taking all these into account, it was concluded that the ε subunit
prevents ADP-inhibition and these two inhibitions are essentially
exclusive of each other.
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We have successfully immobilized the F1 subunit of the H+-
ATPsynthase onto a 200 nm polystyrene bead and measured its
activity. The enzyme was genetically modiﬁed so that each of the γ-
subunits contained a histag at the N-terminus, and a cysteine in the β-
subunit. The polystyrene bead was PEGylated which reduced the
enzyme's interaction with the bead surface and preserved its activity.
The F1 subunit was attached to the bead via NTA (nitrilotriacetic
acid), which binds the PEG, Ni2+ to the histag of the enzyme. Activity
of the coupled ATPase was veriﬁed by a coupled enzymatic test in
which the pyruvate product of ATP hydrolysis is detected through
changes in NADH concentration by UV spectroscopy. The observed
decrease in the NADH concentration in the presence of bead-coupled
ATPase is only possible if the enzyme retains its activity. The number
of F1 molecules attached to each bead was determined by simulta-
neously attaching a gold nanoparticle to the cysteine modiﬁed
subunit and imaging the bead-enzyme-nanoparticle complexes with
TEM. By varying the concentration of the enzyme we have been able
to show the concentration dependence of the binding. A quantitative
comparison of the bound (bead) and free (solution) enzyme activities
is presented.
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The FoF1-ATP synthase plays an essential role in the unicellular
parasite Trypanosoma brucei, an important pathogen of humans and
livestock that alternates between an insect vector and a mammalian
host. Interestingly, the function of the mitochondrial (mt) FoF1-ATP
synthase differs between the insect and mammalian stages, pro-
ducing ATP in the former while consuming ATP to maintain the mt
membrane potential (mt ΔΨ) in the absence of a cytochrome-
mediated respiratory chain in the latter. Importantly, this indispens-
able activity of the FoF1-ATPase complex can be speciﬁcally inhibited
by the natural inhibitory protein, IF1, which has an expression proﬁle
that is only detected in the insect stage of the parasite. However,
when an ectopic T. brucei IF1 (TbIF1) is over-expressed in the
mammalian stage, the mt ΔΨ collapses and leads to the death of the
infectious stage of the parasite. Crucially, this in vivo expression of
TbIF1 inhibits only the ATPase activity without interfering with ATP
synthesis. Additional characterization studies using recombinant
TbIF1 indicate that this protein has a slightly acidic pH optimum for
binding to the puriﬁed Tb-F1-ATPase, which correlates to the
physiological pH of the mt matrix when the mt ΔΨ decreases and
triggers ATP hydrolysis. Further similarities to the higher eukaryotic
bovine IF1 model are limited though, because while the amino acid
sequence of TbIF1 is moderately similar to that of bovine IF1, the
bovine protein does not inhibit the Tb-F1-ATPase and vice versa. This
exciting result presumably reﬂects key differences in the TbIF1
protein sequence and structural regions that interact with Tb-F1-
ATPase. Therefore, a series of truncated and mutated TbIF1 proteins
were prepared to map the essential residues and motifs necessary for
the interaction between TbIF1 and Tb-F1-ATPase. Our results suggest
that it is possible to speciﬁcally inhibit the ATPase activity of the FoF1-
ATP synthase, an essential activity for the parasite but not for the
host, which utilizes the conventional activity of this complex to create
ATP. Therefore, the T. brucei FoF1-ATPase is an attractive drug target.
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The central stalk of mitochondrial ATP synthase (ATPase)
consisting of subunits γ, δ, and ε, constitutes the rotoric domain of
the enzyme, along with the membraneous subunit c oligomer. The
stalk interaction with the hexamer of α and β subunits transduces
torque into conformational changes in the catalytic domain, thus
driving ADP phosphorylation. Our previous studies showed that
deﬁciency of the smallest subunit ε, caused either by mutation in the
ε-coding gene in a rare mitochondrial encefalomyopathy, or induced
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